The asymmetries in the convective flows, current systems, and particle precipitation in the high-latitude dayside ionosphere which are related to the equatorial plane components of the interplanetary magnetic field 0MF) are discussed in relation to the results of several recent observational studies. It is argued that all of the effects reported to date which are ascribed to the y component of the IMF can be understood, at least qualitatively, in terms of a simple theoretical picture in which the effects result from the stresses exerted on the magnetosphere consequent on the interconnection of terrestrial and interplanetary fields. In particular, relaxation under the action of these stresses allows, in effect, a partial penetration of the IMF into the magnetospheric cavity, such that the sense of the expected asymmetry effects on dosed field lines can be understood, to zeroth order, in terms of the "dipole plus uniform field" model. In particular, in response to IMF By, the dayside cusp should be displaced in longitude about noon in the same sense as By in the northern hemisphere, and in the opposite sense to By in the southern hemisphere, while simultaneously the auroral oval as a whole should be shifted in the dawn-dusk direction in the opposite sense with respect to By. These expected displacements are found to be consistent with recently published observations. Similar considerations lead to the suggestion that the auroral oval may also undergo displacements in the noon-midnight direction which are associated with the x component of the IMF. We show that a previously published study of the position of the auroral oval contains strong initial evidence for the existence of this effect. However, recent restfits on variations in the latitude of the cusp are more ambiguous. This topic therefore requires further study before def'mitive conclusions can be drawn.
INTRODUCTION
we will be concerned with the latter two groups of effects,
The structure and dynamics of the Earth's magnetosphere are associated with the x and y components of the IMF. principally determined by the large-scale convection of plasma and In a recent paper, Newell et al. [1989] have presented a valuable magnetic flux within the cavity, which is driven by momentum and detailed study' of the IMF dependence of various properties of transfer from the solar wind. The magnitude and form of this flow the dayside cusp region, as identified in ion and electron data is known to depend significantly on the strength and direction of obtained on a large number of passes by the low-altitude (838 kin) the interplanetary magnetic field (IMF), thus constituting one of polar-orbiting DMSP F-7 (Defense Meteorological Satellite the major indirect pieces of evidence which indicates that magnetic Program) spacecraft. The "cusp" refers to that region where reconnection at the magnetopause plays a substantial role in magnetosheath plasma precipitates essentially unmodified down to exciting the flow (see, for example, the reviews by Cowley [1983, the ionosphere and is morphologically distinct from the "cleft" 1986], and references therein). In particular, the north-south (z) where the precipitation is of characteristically lower density and component of the IMF is a key parameter determining the amount higher energy, and is taken to originate in the low , 1986] . However, the east-west (y) component of the IMF also plays an important role and is known to be associated with a number of dawn-dusk magnetospheric flow and plasma asymmetries which reverse in sense between the northern and southern hemispheres, and with the polarity of By [see Cowley, 1981a , and references therein; Cowley and Hughes, 1983; Burch et al., 1985] . In addition, it has also been suggested on theoretical grounds that further asymmetries may occur which are explicitly associated with the sunward-tailward (x) component of the IMF [Cowley, 1981b] . However, observational evidence for the expected effects in this case is marginal at present. In this report boundary layer. One of the principal results of this study was to show that the center of the cusp precipitation region shifts in local time in response to the By component of the IMF, thus substantiating earlier indications to this effect presented by Candidi et al. [1983] . The results obtained by Newell et al. [1989] imply that in the northern hemisphere the cusp is displaced toward dusk when By is positive, and toward dawn when By is negative, with opposite displacements in the southern hemisphere. This effect was also shown to be larger when Bz is negative than when it is positive. Newell et al. [1989] We first consider the effects on dayside ionospheric flows and precipitation patterns which are thought to be associated with the 5557 By component of the IMF. Our prime objective is to discuss the shifted toward dawn in the northern hemisphere and toward dusk apparent discrepancy, noted by Newell et al. [1989] , between the in the southern hemisphere, and vice versa for By negative. The By-dependent dawn-dusk displacements of the cusp outlined overall displacement of the oval between periods of positive and above, and the related displacements of the auroral oval as a whole negative By (By ~ + 4 nT) is typically -2.5 ø in each hemisphere. It found by Holzworth and Meng [1984] (and by many other authors should be pointed out that not all the data subsets in Holzworth referred to below). We will also point out the relationship between and Meng's study show such a clear effect in the northern these results and those of three other recent studies, by Candidi hemisphere as that depicted in Figure 1 . However, many previous et al. [1989] [1984] . We have adopted the results derived from examination of By positive, Newell et al. [1989] found that the cusp is shifted images of the sunward and tailward portions of the auroral oval duskward in the northern hemisphere, and dawnward in the cusp and auroral oval) can consequently be understood in terms of the simplistic "dipole plus uniform field" model.
EFFECFS ASSOCIATED WITH THE X COMPO• OFTHE IMF
The general considerations outlined above concerning the significance of the "dipole plus uniform field" model lead naturally to the expectation that magnetospheric asymmetry effects might also occur which are associated explicitly with Bx, as discussed previously by Cowley [1981b] . In this case the "dipole plus uniform field" picture indicates that field lines in the dawn-dusk meridian will undergo longitudinal shifts which are expected to lead to little observational effect, while field lines in the noon-midnight meridian will be shifted in latitude, leading to sunward-tailward shifts of the polar cap and auroral oval as a whole (see Figure 2) by Holzworth and Meng [1984] , and goes to zero at the dawn-dusk the directions which are orthogonal to added field. Thus a pure Bx meridian. effect will show a maximum displacement at noon and no response Similarly, the middle panel of Figure 5 shows the effect at dawn and dusk, and vice versa for a pure By effect. On the other associated with the IMF By component alone, i.e. we have taken hand, if both components of the IMF are equally effective in the equatorial component of the IMF to point either directly in the causing displacements of the polar cap, then we would expect to positive y direction (solid curve), or in the negative y direction find maximum displacements near to 0900 MLT, and no response (dashed curve). In this case the variation of the boundary latitude near to 1500 MLT, due to the average spiral direction of the IMF. IMF Bx<-3 nT (solid curve). It should be pointed out, however, Finally, the bottom panel of Figure 5 corresponds to the that due to the average spiral geometxy of the IMF these splits of "average" case where the IMF lies along the Parker spiral the data will also be strongly biased in IMF By as well, with By<0 direction, at 45 ø to the Earth-Sun line. The solid curve for the dashed curve and By>0 for the solid curve, such that both corresponds to an "away" sector (Bx<0, By>O), while the dashed Bx and By effects will simultaneously be present, if indeed both curve corresponds to a "toward" sector (Bx>0, By<O). In this case occur. We may thus initially anticipate that the results should be the displacements are maximum at 0900 MLT and go to zero at comparable with the bottom panel of Figure 5 for "toward" and Figures 3b and 3d ofNewell et al. [1989] ).
In the noon sector in Figure 6 , where the probability of observing the cusp is high (~ 80%) for both signs of the IMF, an oppositely directed latitudinal displacement of the cusp of ~ 2.5 ø is observed, consistent with the expected Bx effect. However, the displacement again reverses in sense at 1300 MLT. Taken at face value (and ignoring the prenoon results), this latter behavior might be taken as evidence of a predominant By effect in the data as in the middle panel of Figure 5 (though the magnitude of the observed effect is much larger than that in the middle panel of Figure 5 close to noon), with a weak Bx effect present as well, associated with the displacement of the cross-over point into the early postnoon sector. We note in this context that the geosynchronous perturbation fields are also rather less convincing in the x component than in the y component, particularly for IMF Bz negative [Hughes and Cowley, 1986] . However, such a conclusion does not appear to be consistent with the results obtained by Holzworth and Meng [1984] , who found dawn-dusk and noon-midnight shifts of comparable magnitude, which would instead lead us to expect a result similar to that shown in the bottom panel of 
